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LITTLE DITHERS 

A Small, Self-Contained, Self-Excited 
Vibration Calibrator 


I'ln* niTuriicy of sound and vibration 
nioasureincnts in the field is greatly 
enhanc ed if the calibration of the meas¬ 
uring system can be checked against a 
stable, known source immediately before 
and after the measiiremcmts. The 'rvPE 
I5r)2-H Sound-Level (‘alibralor* is wide¬ 
ly ac*<*ej)t(Hl as sucdi a refcrenc*e source for 
sound measurements. The n<*w Type 
I557-A X'ibration Calibrator, shown in 
Figure* I, now performs a similar func¬ 
tion f(»r vibration mc*asurements. 

This calibrator generates a monitored 
vibration level of I g, rms, acceleration 
at lot) cyeles per st'cond for the cali¬ 
bration of any vibration pickup that is 
attachc'd to it. It was originally de¬ 
veloped to calibrate the Type 701-A 
Xibration .Meter, as illustratc'd on the 
cover of this i.ssue, or the Type 15t‘»()-Pl I 
N'ibration Pickup Systean.- It will .st*n’e 
ecjually well to calibrate most of the 
one-hundred-plus types of piezo-electric* 



Figure 1. Panel view of the Vibration Calibrator. 


aci'elerometers now available or moving- 
coil velocity pickups weighing 300 grams 
or less. It ecin provide on-thc‘-spot cali¬ 
brations of vibration measuring systems 
imiiKHliately before and after important 
measurcMnents and al.<o can bo used to 
(*ompare tran.sducers or to calibrate 
working transducers against a lalionitory 
standard transducer. 

DESCRIPTION 

The Type 1o 57-.\ \ ibration Calibrator 
is a small shaker driven by an internal, 
transistorized, (‘lectromechanical oscil¬ 
lator. The functional diagram, Figure 
2, .shows both design and construction. 
The moving part. Mu is concentrically 
and resiliently mountcnl within the cylin¬ 
drical main body, .I/ 2 , of the shaker, 
which is in turn resiliently mounted to 
the* calibrator ca.se*. 'fhe tran.si.stor am- 
plilier supplies energy to the drive coil 
of . 1 / 1 , while the pickup coil feeds back 
energy to maintain o.scillation ,and op¬ 
erates the indicating meter. The .shaker 
motion is .sinu.soidal, and the frefiuency 
of the electromechanical oscillator is 100 
cps, but the main .shaker body, .I/ 2 , with 
its .suspension re.sonates b<*low 10 cps. 
Small changes in the mass of .I /2 caused 
by addition of the ma.ss of a vibration 
pickup, for example, have a negligible 
(‘fleet on the motion of .1/|, while the 
motion of M 2 is determined by the ratio 
of to . 1 / 2 . The mass of Mo i.s always 
more than 10 times the ma.ss of Mi and 
.so, for 1 g acceleration of the shaker 
body, Ml mu.st .shake in exc(*.ss of 10 g. 
When the ma.ss of the shaker bexJy is in¬ 
creased by that of a vibration pickup, 

>(:rrM». E. E.. “.Xn ImpmvcHl Sound-Ix-vol CaUhrulor.” 
Grurnil Rntlio Exprrimrntrr. 30. I. .Tiim*. 

*Sro imifi- Ji Ihb iwiw. 
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the mution of Mi imist Im* increastMl to 
nuiintaiii the aeceleratioii of .Uj at the 
I ^ level. The motion of M i Ls monitored 
by tin* panel meter, which is calibrated 
to register the motion of M\ tliat is 
r(*(iuired to maintain M- at 1 g as a 
function of the added load. Tin* scale 
reads directly in shaker load from 100 
to 3(M) grams. 'Fhe h^ad is made up of 
two removable 50-gram discs and (»r 
the* vibration pickup e>r pickups being 
calibrated. 

OPERATION 

Operation of tin* calibrator is simple. 
.V pickup of known mass is attached to 
the shaker, either in place of one of tin* 
r(*movable 50 gram discs or to <me of 
the di.scs by means of doubh‘-fac<*<I 
pressure-s<*nsitive tape.® The calibrator 
is turned on. and the output is s(*l to 
1 g rms by adjustment of the lkvkl 

Aniciws OivUioti of Int^rcliHiiticnl C'oiiiimny 

SoiitHi nruiiii. Minrii^^iu Miiiint: nnd MHiiufurtiiritiit 
('oiiipuiiy. 


(‘ontrol until the panel meter indication 
corresponds to the mass, in grams, of 
the total external load on tin* shaker. 

For example, in the calibration of a tiny 
accelerometer weighing 20 grams, the 
accelerometer is attacluHi to one of the 
ili.scs with double-faced pres.sure s(*nsi- 
tive tape, and the li:vi:l control is 
adjusted so tin* m(‘ter reads 120 (the 
mass of the accelerometer plus the nniss 
of tin* two 50 gram <li.scs). 

WlnMi the ti(*neral Radio Tvi*k 15<i0- 
1\51- Pickup (50 grams) is cidibrat(*d, 
one disc is replaced by the ])ickup and 
the meter reading is s(»t to l(K). For the 
(leneral Radio Typk 701-1^1 750-P85 
Pickup (215 grams), both discs are 
removed and the correct meter reading 
is 215. 

lafe tests on the calibrator indicate 
that it will op(‘ral(* continuously at 
maximum output for over KMM) hours. 

Since normal op(*ration will usually be ^ 
below the maximum and will not b<* 
continuous, the unit shotild give troubh*- 
free service for many years. 

TTie rms velocity at 100 cps for I g 
rms acceleration isO.Ol-l inch per s«*<*ond 
and the corresponding rms displacement 
is 0.000078 inch. Tin* total excur.‘<ion 
(peak-t(»-peak di.<;placement) of tin* 
shaker body or pickup is 0.00277 inch. 

EXTERNAL FIELDS 

'ITie magnetic h<*lds measur(*d near 
the calibrator are maximum at the 
right-hand side of the instrunn*nl as taie 
looks at the panel. The <lc held is KM) 
gauss or lower when the right-hand 50 
gram di.se is removed, ruder the same 
conditions the ac field is less than 1 
gauss. The measured .stray magnern* 

Helds are somewhat low(*r at the left- 
hand side of tin* in.stninn*nt, ainl so one 
should mount pickups that may be 
susc(*ptible on that side. 
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ACKNOWLEDGMENT 

T1k‘ Tvi»k 1557-A \'il>ra(iou Calihra- 
tor is an cxtonsion ol an original (if*sijj:n 
by I). W Xoiseux of Holt, Hnranok, and 


Xi'winan, Inc. 'Du* prcs(*nt nu'chaiiical 
and inaj^nctic design was engineered l»y 
IV K. McKlioy. 

— K. M (Iross, Jh. 


SPECIFICATIONS 


Output: Acccicmtion, ! ^ »”nis ±10',. 

Velocity, O.OH in. .-cm*. 

I )i.'<pluri‘mcnl, O.fKKlOTSin., i in.'i,0.(X}277 
in., poiik to peak. 

Frequency: !()()<* ±1S. 

Battery; 1 U.M-4 Alcrrury cell.M or LMiuiv.alent. 


Battery Life: 1(X) hr.**, of roiitiiuious operation. 
Accessory Supplied: l.e.'kther ejirrvinic e:i,si*. 
Dimensions: T hy S l»y -I inches (102 In 201 hy 
102 mm). 

Weight: 3*4 pounds (l.o k^), ineludiiiK ie:nher 
e.arrviiiK ease. 


i'lffn ('oiiv \V(ml t*nri 

1557.A Vibration Calibrator... VIVIO $225.00 


TYPE 1560-Pn VIBRATION PICKUP SYSTEM 


New Ceramic Pickup — New Control Box for Use with Type 1551 
Sound-Level Meters 


.V new bariuin-titaimte accedernmeter 
(Tvpk 15()0-P5I) with e.xcell(*nt charac- 
teristic.s i.s now available as an jic- 
ce.ssory input 1 ran.stlucer for the sound' 
level meter. A nc‘w control box (Tvei*: 
15t)0-P21) to (‘oinpltMuent the* elcM-trical 
cbaracteri.stics of the pickup has been 
desijrned. It mounts on the end of the 
soninl-lev(*l meter and provides storage 
for the pickup, extension probe, tips, 
and c:d)le. 'I'he (*ombination is called 
the 'I'yim: lobU-Pll \ibration Pickup 
System ami is .<hown in Fij^ure 1. 

USES 

'riu* \‘ibratitm Pickup Sy.stem con¬ 
verts the sotind-h‘vel imder to a j^eneral 
purpo.se X’ibration Meter. For a very 
nuMle.st inv(‘slmi‘nt, om* cttn now put the 
precision attenuators, amplifiers, and 
imderinj*; circuit of his .<ound-level m<*t(*r 
to work in the fiehl of vibration measure- 
nuMits. As iiKMhun ])roduction machiiuTy 
and vehicles are de.siji;ne<l top) fa.ster and 
last lonp'r, vibration studii's durinj»; ile- 

Figure 1. View of the Vibration Pickup System 
attoched to the Type ISSI-B Sound.Level Meter. 


velopmental and teslinj< .stages are 
becoming more and more important. 
Operator comfort and safety as well as 
machinery or vehicle life depend to a 
large extent t>n smottth, vibration-fna* 
operation. TheTYi'K lobO-Pl I \'ibration 
Pickup Sy.stem i.s a convenient means for 
making the.se mea.surement.s. ddu* pickuj) 
.system al.stt increa.ses the u.sefulnes,s of 
the .sound-level meter as a noist*-control 
instrument. Xoi.ses caused by solid-borne 
vibrations can be more ea.sily tracked 
tiown. Detection of e.xcessivtdy noi.sy or 
worn machinery is often pos.sible, even in 
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Figure 2. Frequency response of the pickup (dotted 
curve) and the complete system (solid curve). 


tilo prosfnco of high anihient noise levels, 
hy use of a vihralion pickup in plaee of 
the microphone on the sound-level meter. 
N'ihnition rneasiinunents are also often 
used f«>r production noise testing of 
silent small mechanisms and motors 
where airhorne noise tests air impossible 
even with very h»w ambient noist* levels. 
Routine vibration-lev(*l cheeks on operat¬ 
ing machinery are an aid to pr(*ventive 
mainttmance on maefiinery when vibra¬ 
tion levels begin to climb, t>ut bebtre 
e.xcessive wear that cause's noise and 
failure occurs. 

N'ibration measurements can f>e used 
tosujtplement souial-N'vel measurements 
made for mtise control purposes in 
buildings. Floors, walls, piping, ven¬ 
tilating ducts, all are sources of mast' 
that can Ik* souglit out by using a 
vibnition pickup. 

()(ln*r uses include the rneasun'inent 
of all types of machinery vibration to 
eletermine the m*eil or <*ffee*tiveness of 
special sh<M-k mountings or to dete'rmine 
the* m(»tion of large panels or .supports 
winch <‘ould cause noise. 

CHARACTERISTICS 

'rhe freepiency n'sponsc* of the *rvi’K 
ir)(">()-P51 Pickup for constant acceli'ra- 
tion is shown by tlu* dotted curve of 
Figure 2. Tlie over-all responsf* of the 
Typk lo(if)-PI I system for constant ac¬ 
celeration. velocity, or rlisplacement is 


.shown by tin* solid curves of Figure* 2. As 
indicat(*d. the re.sponse of the sy.stem is ^ 
Hat within dz 1 cib (dzl2^'t) from 30 to 
lo(K) cps. 

'fhe nominal sensitivity of the i)ickup 
is iO mv g. The* e'ontrol bo.\ provielt\s a 
gain control (.s(*l at (lie fae*te»ry to mat<*h 
the* pie*kup .se*nsitivitv to that of tlie* 
senmd-level meter) ])his integrating e*ir- 
ciiits toeamve'rt the a<*eele*ration re'sponse* 
te) veloe-ity anel displae'cnn'iit. The 
factors lor ceaiverting ele‘e*ibe‘l re'aelings 
to vibration (|uantitie*s are indiente'el on 
the <*ontre)l be)x name-plate as are the 
elata relating pickup and cemtrol l)e)x 
to the j)rope‘r souial-level meteor, (’on- 
version charts arc supplie'el in the 
instruction boeikU't .se) that de*e‘ibel 
n‘adings for ace*edera(ie)n. vedoe^ity, e>r 
elisplae’cment are* r(*aelily tran.slatt*d to 
rms inchevs per sf*e*.* ine‘lu‘s per s(*c, 
or inche's. 

The maximum ae*e*eleratiein that e*an 
lie me*asure*d before* the* pie*kup be*e*e)me*s 
iieMi-line'ar is 100 g (38,()00 ine*he*s see*- or 
just uneier 132 elb reaeling e>n the seamel- 
level meter). 

The* maximum veleK'ity anel elisplaea*- 
me*nt re*aelings arc a fune*tion e)f fre*- 
((Ue*ne*y anel an* ele*termine‘el by tlu* lOO-g 
limit e)n the* pie*knp. \\ 20 e*ps, lor 
e*xample. the maximum veleM*ity wemlel 
be 307 ine'hes see* (approx. 130 elb) and 
the maximum di.splae*eme‘nt weailel be* 

2.4d iiu'hes (a|)pre)x. I IS elb). 

The minimum ae*e*e*le*ratie»n measure*- 
ment (senmel-leved meter re'ading of 
30 elb) is 0.32 in./sec’ e)r .OOS g. The 
e*e>rre*.spe)nding minima feir v(*le)e*ity and 
displae*ement are .(K)3 in. .sec anel KM) 
i nches re'spect i\’ely. 

Safe e >perat ing temperat ure fe)r the pick¬ 
up extenels freunO te) 2(K)°F. ()\'er the tem- 
pf*rature range eif 30 te) 180°F., the .*<L*nsi- 
tivity re'inain.s ce)nstant within zblO' i. 

FAe*e*pt for tempe)rary surfae*e leakage 
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lUTOss (1»(* (•(‘ramie miit, cables, and lujj;h 
value resistoi-s in tlu‘ e<»n!rol box, hijjb 
luimidity has no serious efToet on the 
opiTation of the system. Dry atmos¬ 
pheres have no ill (‘fT(‘cl. 

CALIBRATION 

.Vbsolute sensitivity of the pickup 
is m(‘asunHi at low frtMjuencies on an 
electnxiynamic shaker. 'Phe (lisplac(v 
ment of the shaker is accuriitely (h'- 
terminod with a nu^asurinji; microscope 
and stroboscopic illumination of fiduci¬ 
ary marks on the shak(‘r table. At 
fre<|uencies almve KM) cps, the n‘.spoii.‘i(‘ 
of the pickup is measurtxl on a .small 


pi(*zo-el(‘ctric shaker. 'Phe respon.se of 
(‘ach pickup is checked over the fr(‘- 
i|uency ninj^e of 10 cps to 5 kc. The 
el(‘ctrical n^sponses of the networks in 
lh(‘ conir(»l box an* also ciin'fiilly 
checked over the frei|uency raiiKC of 
20 cps to a kc. Th(* .sy.stem can be 
n‘adily eheck(‘d witli the Typk 15r)7-.V 
\'il>rafion (’alibrator (si‘e page 3). 'Phis 
new Tyi*!*: 1500-Pl 1 X'ibratioii Pickup 
System noplaces the 'Pyck 75*1-1*35 
N'ibnition Pickup and Tvpk 750-1*31) 
(’ontrol Box which have l>een sut)pli(‘d 
for many years as an acces.sory input 
.system for sound-level meters. 

— E. E. ( ino.ss, Jh. 


SPECIFICATIONS 


Calibration: Tlic dh (if tllC sotiml-icvel 

meter ran In* eonvert«Hl into alu^nlute value.s of 
*ltspIa(S‘ment, velo<'ity. or aeetderation hy 
meaiifi of rHlilirtiiion data i^upplied. 

Range: The range of measuri'ment of the 
pickup and control Imin when used with the 
Tvpk 15rjl-H, Type 1551-A. or the Type ToD-H 
Souiul-D'vel .\Ic‘ter approximately ai* follows: 

UnL** Displacement 100 micro-inches 

(minimum). 

Hms Velocity — 3000 micro-inches per sec¬ 
ond Imininiuin). The upper limit of velocity 


and displH(‘ement inea-xunantaits is depefulent 
on the fre<|U<*ncy and i.«« determined hy the 
maximum acceleration |M*niii.ssihle before non¬ 
linearity (M-curs (100 g). 

Urns acceleration — 0.3 to 30.(K)0 in. sec sec 
(HK) g). 

Not Weight: Typk 1.500-Pol Vibration Pickup, 
1.0 oumvs (-15 g) (pickup only); pickup 
plu.** 5-foot cable proln*, and tip.s, 8 ouikts 
(0.3kg);TYPK 15()(I-P21 Control Box, 1 pound, 
3 ounce.s (0.0 kg). 

Cotie Word Crire 


t560-Pn 


I Vibration Pickup Syttem 


PlKt P 


$130.00 


NEW INSTRUCTION BOOK FOR THE 
TRANSFER-FUNCTION BRIDGE 


\\ (‘ liavc* roeently prcjiared a rt'vi.sod 
version of the opt'ratiug in.structions for 
iht'TYPK ll)()7-A Tnin.«fcr-Function and 
Immittaiico Bridg(*. 'Phis n(‘w and 
grc^atly enlarged edition contains a great 
d(‘al more operating information than 
does I lie first edition, including a com- 


|)l(‘te se<‘tion on tunnel-di<Mle mea.suri'- 
iniMit. Single copies will be gliidly 
furnish(Ml without charge to users 
of the in.striiment. H(M|iK»sts should 
include the s(*rial number of the in- 
.strument with which the book is to 
Ik* ii.'HhI. 


STANDARD INDUCTOR 

From last month’s article on new standard inductors, the following identification 
and price data were inadvertently omittc*d. 

Type Cotlr Word Crirr 

14B3-A I Standard Inductor, SO *... I INDl'CTorJAP | $135.00 
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NEW METERED VARIAC AUTOTRANSFORMERS 


Metoml X’aruics aro portahlo lestiiii; 
(iovices, (*ach consistini*; of a \'ariac 
autotransfonncr, a voltmotor, and an 
aininotor or a wattmntiT or both. 
Switching, fus«\s. and 3-wiro power coni 
arc also provided, 'fhese handy, compact 
assemblies have many uses both in the 
laboratory and on the test bench, among 
them overvoltage and imdervollage 
tests, trouble .shooting, and measure- 
ment.s of voltage, (*urrent, and power. 

Meters are .shielde<l from the tran.s- 
formerstray liehl, ]x*rmitting an over-all 
accuracy of 3' ^ scab*, 'fhe <hi-oIT 

switch disconn(*cts both si<l<»s of the line. 
Make-before-break .switidies permit tin* 


dual-range ammeters and voltmeters to ^ 
be switched under load. 

Three new mmlels are now available, 
in addition to the two (Tvpks W5MT3A 
and \V5MT3\\ ) previou.sly announced.^ 

For convenient reference, all five avail¬ 
able models are li.sted below. 

Th(‘ new Tver. \V 1 ()MT 3 .V and Tver 
\VI 0 MT 3 \V duplicate in the 10-ampere 
rating the features of the* o-amperc 
models previou.sly announced. The Tver 
\V 5 M'r 3 A\V offers the advantage of all 
three meters reading load vtiits. 
amperes, and watts in a single 
as.'i<Mnl»ly. 

‘"Npw .M«*lc*ml \'uria«*s. I'tpk?* W.'i.MTJIA. W.jMTHW.'* 

(Urnrntl HmHu /ir/wriwi**tt/rr. . 5 . .May. 


Tui*r 

tnpu! 

Vnllnffr 

Oitlfwl 

Volhtilt* 

fhitftut 

1 i’i4 rrrnt 
(Ani/tfirn) 

Mftrr UnhU’"* 

Ctulr ll'orti 

f*rirr 

W5MT3A 

120 

O-MO 

0-.1 

(VI 

(V'l 

None 

< AHAI. 

$89.00 

W5MT3W 

120 

(VI40 

(V- i 

None 

(Vl.iO 

(V7o() 

CAROB 

112.00 

W5MT3AW 

120 

(V140 

(V.5 

(VI 

(V.5 

(Vl.jO 

(VToO 

CABEX 

150.00 

W10MT3A 

120 

(VI40 

(VIO 

(V2 

(VIO 


l>» MIE.N* 

110.00 

W10MT3W 

120 1 

1 (Vito 

(VIO j 

(V:4(K) 

, (Vl.^iOO 1 

oorai) 

138.00 


ranKP is O-UM) 
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TYPE W5LMT3 VARIAC AUTOTRANSFORMER 


Till* popiihir Tv 1 * 1 -: \Vr)L \'ariac^ 
AulotraiisfornuM* is now availahh* in a 
porfahic iiumIcI, Tvi*k WoLM wilh 
(•as(‘, haiallc, on-olT switch, ov<‘rloa<l 
l)rot(‘ctor, 3-wire <*onl and plujj;, and 
3-wir(* outlet. Maximum (uilput vollajic 
is limited to input line volta^(\ which 
IxTinits a maximum current of ‘1.2 
am])eres ami an output rating; ol 1.1 kva. 
Kated current of 7.1 ampen^s can he 
tlrawn at any point on the* winding: 
maximum current can he drawn at, or 
lUMir. maximum volta^t^ only. .V lo.ad 
drawinj; not mon' than maximum cur- 
r(‘nt at maximum volt:iK<‘ <*an he con¬ 
trolled over the full raiij^e of output 
voltaji:(* (0 to 120). 

The comhination of portability, hij!:h 
ratiii'i:, 3-wire pluj»;, and huilt-in overloa<l 



View of the Type W5LMT3 Vorioc*^ Autofrans* 
former. The 3-wire to 2-wire adaptor thown at 
the right is furnished. 

pnttector make this N’ariac a most useful 
device for t^eneral te.stins in the lah- 
oratory and .shop. 


input Voltage: 120. 

Output Voltage: 0-t20. 

Rated Current: 7.1 ;m)|M*rcs. 
Maximum Current: 0.2 niHpciT.S. 
Load Rating: 1.1 kv'a. 


SPECIFICATIONS 

Driving Torque: 10-20 ouiicc-inclll*.*^ f700-l-t(K> 

Case Dimensions: (llciuht) Tc x (wiiltli) 4T.;<\ 
((kpth) 1*4 iiiclio* M(iS\ 124 \ lOS iiuiu, in>l 
iiirludiii^ liaiitlli* and cord. 

Net Weight: ,S ‘4 pouiid.'i l'3.7o kj?). 


Tftpf 


Cixlt W'onl l*rin 


W5LMT3 VariocAutotransformer. (’OTos 

VB-2 Replacement Brush. | 


$34.50 

.75 


NEW RESISTANCE DECADE BOXES WITH 
IMPROVED SWITCHES 


After having for .several years fiilhllcMl 
on a .special basis many reipie.sts by 
ciist«>mers for decade resistance hoxi's 
containing .steps of 0.1)1 ohm, w(* are 
now adding to tlu‘ lim* two m^w items, 
Tyi'i: 1432-T: 1,111.1 ohms. 5 tlials. in 
.st(*ps of O.Ol (dun. .and 'rvpi: 1132-1’: 
111.1 ohms, t dials, in steps (»f 0.01 (dun. 

'file 0.01-(dun-p(*r-.step d(*cad(* grc'atly 
enhances the us(*fuhi(*ss of a multi-dial 


decade resistor. If. in a particular ap¬ 
plication, the lowe.st decade* is used as 
the* la.st (d several rlecade.s, its relative 
inaccuracy (=b2^ fd is swampi*d out by 
the* high resistance in .series with it. 
lOven when this lowe.st decade is used 
with only one or two otlmrs, it still can 
be v(*ry u.seful in making pn'ci.se adjusi- 
im*nt to a desired circuit condition, as. 
for in.stanc(\ a null balance in an im- 
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Figure 1. View of (he Type 1432->T Decade Resistor. 

piMhincc luidgi*. Tsctl in nn tw l)ri<lp;(‘ to 
>ot the msislivo lialain'c, its hi>>;h rrsoln- 
tion prnnits :i coiTesponding shiirponinji; 
ol’ ihn null, so that tin* dnsircMl r(‘arti\’(* 
balani'C'can lx* sot with groat or precision. 

While t he 0.01 olnn-])or-stop Tyok 510 
I )ocad(‘-Hosi.stor I nit had Immmi inannt’ac- 
Tun‘d for .some time on a special basis 
for selected iis(\s, it became possible to 
catalog it for s(‘parate side (as Tyok 
5I0-.V.\) and to use it in decade resist¬ 
ance boxes only when the low-residual- 
resi.stance version of the 'I'yck 510 
Switch, about to be described, cana* 
into production. 


This basic change in the Tyimc 510-1*3 
and -PdL Switches was iniule for tlie 
purpose of reducing the switch nvsist- 
anc<*, which is stated as Ixang b(‘tw(»en 
0.002 and 0.003 ohm in our curnait 
Catalog 1*. I’se of two silver-bearing 
alloys as the materials from which 
to make the contact buttons, switch 
brushes, and takcMilT springs has r(‘sult(‘d 
in a decn*as<' of this resistance by a 
factor of three or four to one. 'Fhis means 
that the switch r(*sistanc(* on a normal 
switch will not ex<‘(‘<‘d one milliohm, 
even under extreme conditions of resist¬ 
ance variation.* (See Figure 2 for typical 
variation of resistanc(‘ c.v. time for old 
and iK'w iiH'tal combinations.) 

Since the two new alloys r(‘f(‘rr<*d to 
abov(’ an* high-copp{*r alloys, having 
small silver additions rathc'r than a largi* 
propoilion of zinc, they app(*ar n*dder 
in i'olor than tin* i‘arlier alloys. Heeausi* 
the high-copper alloys are more .subject 
to corrosion by atmo.sphere or ling(*r 
marking, a number of corrective meas¬ 
ures have* been tak(*n. 'fhe brushes are 
nickel-plati'd, (‘xcept on the contact .sur- 
facr's. to maintain apjiearance. Tlie taki*- 
olT springs are silver-plated to assure 
persist(*nc(* of tlie originally low contact 

•III ihiK nmniMMuui il xliuiiM lir |Hiinii'<l niH Thai »ln!i 
•.>\i(<*h h’liilK to iiim'iw umli'r 

liii' Hwili'h nut hi'iMi niiivcil h»r n lunit imthmI of 
(iiiio. riiw il* Inn* of rvc’il llii* lui*l !*\vitr'h iDUloriaU, 

111. KilviT. Il Ih alwa.vn pnoU'iit. iifirr ti box luu* hIimhI with 
olio or iiioro switohi’K in a jrivon position for any oon- 
•.oloraiilo poriofl, lo iiivi* ilia swili’liii* w‘viTal HwinL'N bark 
aii«i forih over I In* full railin' of llieir iiiotioii. Tiiii* will 
tii.'if.ipnio by friction any forciitn pnaluru wliieh may have 
biilll lip till* 9 *\vit(‘li ri'^irttanrt* tliirinc the |M*noil of in- 
iu‘livil> . ‘I'hii. >hoiihl boronie nx iiiiirh a nintter of habit lUi 
liniahitm one’s* teeth or elcjininu one’s atH*rturle>. 



Figure 2. (Left) Change in switch resistance os a functian af 
time when left at rest. When switch is retoted, the resistance 

draps immediate¬ 
ly ta its ariginal 
value. (Right) 
Change in switch 
resistance as a 
functian af cycles 
af aperatian far 
branze and sil¬ 
ver-bearing-cap¬ 
per allays. 



SHVC*-BEAWING coepgil 
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n^sistaiH'f. which unprovps their solder- 
ahility :it the sjiine time. Xew hihricaiits, 
otherwise similar to what liaci Ikhmi in 
uses hnt having: strong antioxidant 
pro|M‘rtie.s are employ<‘d. Tliat us(*d at 
tin* contact-lmtton-hnish interface is 
Master Luhricant’s 1111)1, availahh* for 

Tuftr _ 

1432-T 1,111.1 ohms in stops of 0.01 ohm 

1432.U 111.1 ohms in stops of 0.01 ohm 


maintenance pnrpo.s<»s from onr Service 
Department in foiir-onnce tiiU^s at 75 
cents |>er ttiU*. 'I'his Inhricant is e(|nally 
siiti.sfactoiy for use on older 'I'yeK 
5H) Switches having pho-sphor-hroiize 
hrnshes and Toliiii-hronze contact lait- 
^<**‘''* P. K. McKluoy 

('wit W’onl l^n’t'f 

. I HKVlIi I $120.00 

. I aKWts I 95.00 


A QUARTZ-CRYSTAL FREQUENCY 
DISCRIMINATOR 


Non:: Thw •lisrriminator i.** lui! Imilt for salt* h> 
iH imhliahiHl for the iiiffinnatioii of thost^ 

During tlie tiev(*lopnient of low-noise 
freijnency-nuiltiplier systems, a sensitivi* 
frei|nency di.scriminator was devi.-^ed to 
mea.snn‘ the dynamic fre<|nency modula¬ 
tion present in the output signal from 
the multiplier. The di.<criminat<»r, which 
^ is tlescrilKMl here, provides a stnisitivity 
:nle<|Uate for tlie mea.suremeni of tlevia- 
tions of db 1 X or less when a narrow- 
Itand wave analyzer is used to .select tlie 
nnMItilaIion-fre(|uency components. 





PHASE 

DETECTOR 


INPUT 

signal 

(FM1 



DETEaED 

roc Ai 



t 

MODULATION 


Figur* 1. Block diogrom of tho discriminotor. 


'Die circuit makes use of the .‘<teep 
phaso-rx.-frt*(|Uencv chanicteristic of a 
rpiartz crystal at se*ries re.sonance to 
providi‘ tla* re(|uired M'li.sitivity. A hal- 
anctnl t)ha.s(*-detector circuit is u.setl to 
reduci‘ lla* elTects of ainpliludt* nnMluhi- 
lion. 'fhe hl<K*k diagram of tin* circuit 
shows that it belongs to the cla.ss of 
fm|uency discriminators in which the 
input signal is applicnl to a pha.s<» de¬ 
tector through one channel with negligi¬ 
ble pha.M* .diift and through a second 
channel with a pha,s(* .shift that is a 
functieui of fre<|uency. 


the ficMienil Ihnlio C'ompuny. The ih^-ription 
who may wi.«h to tmihl their *iwii. -Ki>. 

The circuit is .similar to the Foster- 
Seeley di.scriminator «'ircuit insofar as 
the balanced pha.se-iletector circuit is 
concerned. Flie inher(*nt tnned-<*ircuil 
pha.st* .shift, however, which is the basis 
of the «)pi*ration of the Foster-Seeley 
di.s<Timinator. is in*gligible compared 
with tin* pha.s«* shift priMluced in the 
.serie.s-n*sonant crystal as the input frt*- 
<iuency varies alnnit the stanes-resonant 
fretjuenev. 'bln* s1o|m* of tin* pha.se-shift 
characteristic in the (juurtz crystal 
branch is larger in compari.son with that 
in the //’ circuit by approxinuitely the 
ratio of the(/sof tin* rc*.sonant elements, 
KHMMX) 

or approximately ^ = KKH). Hence 

the phase charai'teristic of the (juartz 
crystal dominates that of the inductaiict*- 
capai itance circuit. 


HAiAN<:i«ta tAWCiTOfl AEStS'AMCf 

I r jommon IOMAII gACAKCt 
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'Hir priiiripal series resonance of the 
crystal pres<*nts a very low im|XHiancc 
in the si^ml path, wliereas the shunt 
n»sonance of tlie crystal with its own 
el(*ctro<ie capa<*itan(‘e pres4*iits a IukIi 
iin|HMiance. Hence the shiint-i\*.sonunt 
point, which would otherwist* n*prest*nt 
a possihle spurious response, has neRli* 
j^ihle inMuence. 

'riie fnH|uency of the series-resonant 
rcsjxinse of the (piartz crystal is acl- 
justahle hy means of the adjiistahlc 
series capacitor. The handwidth of 
this n*sf)onst‘ is aff^N'ti^l hy the shunt 
capacitor, connected between the 
center-top of the coil and ground. \ 
larj^e capacitor here produces a nar- 
row-han<l response' (maximum (J) its 


Figure 3. Ru- 
sponte choroefur* 
iftic of (tmft) th« 
10'Mc ditcrimi- 
nofor and (right) 
Iho I.Mc dis- 
criminofor. 


•mf iOkS»m 


it dot's in any crystal filter circuit. 

The rt‘s|K)n.s<* of the discriminator is 
limited to nuMlulation frcMpiencies within 
the pa.ss haiitl of the cry.stal bninch. 
.Motlulation-fretpiency side hands Ix*- 
yond the handwidth of the crystal 
element are not passi'd. The lO-Mc 
discriminator descrilK'd has lieen ummI 
to metusun* (iO-cycle and lOO-cycle 
modulation, anti tt) estimate 120-cycle 
mtxlulatitai. It is imt efTn-tive for IukIut 
mtslulation nites. .\ 1-Mc tli.scriminattir 
has al.so lietai built hut is imt efTective 
for motlulatit)n rates alnn-e approxi¬ 
mately 10 cycles .s(‘c, and hence is not 
useful for the measurement of power- 
suppl^'-relatetl mtKlulation. 

— Fhank 1). Lkwis 


oumtt 



1 


INTERKAMA 1960 





Viow of tho Gonorol Radio booth ot Intorkomo 1960, th» Infornotionol Congrotk ond Exhibition for 
InOrwmontotion Control ond Automotion, hold at Outtoldorf, Octobor 19 to 26. Shown at roor of tho 
booth oro (hfl) Or. 

•Ing. Guntor Nutt- 
loin. Gonorol Rodio 
roprofontotivo In 
Gormony, ondfrrghtj 
Potor I, Mocolko, 
onginoor from tho 
Gonorol Radio foe* 
tory. Tho lodio* In tho 
foroground oro Mitt 
Schuhmochor, Dr. 

Nu»tloin*t tocrotory. 
ondMrt. Mocolko. 

Alto In ottond- 
onco woro Robort A. 

Sodormon. Admin- 
Utrotivo Enginoor, 
ond Gonorol Rodio 
roprotontoli vot 
fro m principol 
Europoon countriot. 


General Radio Company 
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